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CPL QUICK REFERENCE DATA SHEET

Principal Investigator:  Dr. Matthew McGill

Contact Information:  Goddard Space Flight Center, Code 912, Greenbelt, MD  20771

Phone:  301-614-6281

Fax:  301-614-5492

Email:  matthew.j.mcgill@nasa.gov

Payload / Mission Name:  CPL for Aura Validation Experiment (AVE)

Mission Profile / Number of Flights Requested:   n/a

Requested Flight Dates:  Oct 18 – Nov 12, 2004

Payload Installation Location on Airplane:  Pallet bay.

Payload Overall Assembly Weight:  281 lbs (not including WB-57 pallet)

Gas/Cryogenic Cylinder Requests:  None.

List any Hazardous Materials to be used:  Methanol, for cleaning optics (on ground).

Overboard Vent Requests and Type of Gas to be Vented:  None.

Payload Power Requirement:  5 Amps 110VAC 400 Hz;  30 Amps 110VAC 400 Hz (10 Amps per
phase); and two (2) 35 Amp 28VDC circuits.

Ground Laboratory Work Space Request:  Space for storage and work space for CPL data
processing (maximum of 2 people).

Computer Network Access Requests:  2 network connections.

Sheet Metal Work Requests:  None.

Electrical Wiring Requests:  None.

Miscellaneous Requests:  None.
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1.  Payload Description

1.1  Overview

The Cloud Physics Lidar (CPL) was specifically designed for use on the ER-2 aircraft and was
first deployed in 2000.   The CPL provides high resolution profiles of clouds, aerosols, and
smoke layers for use in cloud and radiation studies.  Figure 1.1 displays a typical example of the
CPL data, showing boundary layer aerosol, cloud structure, and dust.

The CPL is a state-of-art system employing a solid-state, diode-pumped, conductively cooled
laser operating at 5 kHz repetition rate (there is an optional 1 kHz mode).  The laser
simultaneously transmits 1064 nm, 532 nm, and 355 nm radiation.  The receiver uses solid-state
photon-counting detectors to measure the backscattered light at all three wavelengths.  In
addition, the 1064 nm signal is used for a depolarization measurement.  Measuring the
backscattered signal at three wavelengths provides information about cloud and aerosol optical
properties.  The depolarization measurement can be used to determine the molecular phase of
clouds.

After construction, the CPL was immediately deployed on the SAFARI-2000 field campaign
during August and September 2000.  Since 2000, the CPL has participated in the CRYSTAL-
FACE, TX-2002, THORPEX-Pacific, THORPEX-Atlantic, and GLAS validation missions, all
using the ER-2 aircraft.  Details of the CPL instrument and the CPL data archive can be found at
the CPL web site:  http://cpl.gsfc.nasa.gov

The CPL instrument package consists of 4 components:  a sealed box that houses the optical
components, a rack mount box containing the data system, a rack mount box containing the laser
power supply, and an ER-2 interface rack.  We refer to this collection of four components as the
CPL instrument.  Figure 2 shows the CPL instrument in normal ER-2 configuration.  To adapt
CPL to the WB-57, we are simply bolting the entire assembly, including the ER-2 interface rack,
to the WB-57 pallet.  To accomplish this, we designed an interface (“WB-57 rack”) that mounts
the CPL to the WB-57 pallet (see Figure 2.1 in Section 2).

Figure 1.1:  Example of CPL data from the CRYSTAL-FACE campaign, July 26, 2002.
Data shows boundary layer aerosol, clouds and multiple cloud layers, and Saharan dust (in
the center of the image).  Cloud shadows are present whenever the lidar signal cannot
penetrate through a layer.
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The blue/black sealed box shown in Figure 1.2 houses the CPL optical system.  The optical
system consists of the laser transmitter, receiving telescope, optics, and detectors.  Figure 1.3
shows the components that are housed in the sealed (but not pressurized) box.

Figure 1.2:  The CPL instrument in ER-2 configuration.  The gold frame
is the ER-2 interface rack, the black/blue box houses the instrument, and
mounted behind the box on the rack are the data system and laser power
supply boxes.  To adapt to the WB-57, this entire assembly is bolted to
the WB-57 pallet using what we term a “WB-57 interface rack.”

Figure 1.3:  CPL optical bench.  This assembly is housed in the large blue/black box
shown in Figure 1.2.  One side of the bench (left side of figure) holds the laser and
telescope; other side (right side of figure) holds the receiver optics.
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The CPL requires an optical window in the pallet floor to permit transmission and reception of
laser light.  We have designed and fabricated our own custom pallet floor that will hold a 10-inch
diameter window.  Because we are flying in the unpressurized pallet, this window does not need to be
proof tested.  Drawings of the pallet floor were provided to the WB-57 engineer, and a photo of the
completed floor is shown in Figure 1.4.

1.2  CPL Electrical Requirements

The CPL payload uses both DC and AC power, and uses two pilot switches.  This section will
describe the electrical requirements.

The CPL payload uses two pilot control switches.  One switch (here termed ‘S1’) controls the data
system.  Activation of S1 boots the data system and initiates data acquisition.  The fail light associated
with S1 will remain ON for about 1 minute, until the data system is fully operational and a watchdog
command has verified proper operation.  A second switch (here termed ‘S2) controls laser emission.
The fail light associated with S2 will extinguish immediately upon activation of S2, provided the data
system (S1) is powered and functional (no S1 fail light).  Should either fail light turn ON during
operation, fail procedures are provided in Section 9.5.  It is important to note that although the CPL
payload may be powered (i.e., area power ON), laser emission is inhibited until S2 is activated.

One circuit on one AC power connector is used to power the data system and detectors (uses

Figure 1.4:  CPL pallet floor.  A 10-inch diameter optical window
will be placed in the open area.  The floor is not load-bearing, as
the CPL instrument mounts only to the pallet walls.
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phase-A of the circuit only).  This circuit is fused at 5 Amps.  One circuit on one DC connector is used
to power the laser and internal heaters.  This circuit is split, with the laser fused at 20 Amps and the
heaters fused at 15 Amps.  The second circuit on that DC connector powers survival heaters and is
fused at 35 Amps.  One circuit on a second AC connector is used exclusively for heaters, with each
phase of the circuit fused at 10 Amps.  Table 1 gives a break-out of the CPL electrical requirements.

Table 1:  CPL electrical connector definitions

Experimenter
panel receptacle

identifier

Fusing (at CPL
instrument)

Use Notes

Pilot control
switch

J1-J5 n/a Controls
initiation of CPL
data acquisition

Also provides
navigation data to
data system

Pilot control
switch

J1-J5 n/a Controls laser
emission

AC circuit 1 J6-J10 Circuit 1, phase-A:
5 Amps

Powers data
system, detectors

AC circuit 2, DC
circuit 1, and DC
circuit 2 on this
connector not
used

DC circuit 1 J11-J12 Circuit 1:  15 Amps
and 20 Amps (splits
at CPL interface)

Circuit 2:  35 Amps

Powers laser and
heaters

Powers survival
heaters

AC circuit 1 J6-J10 Circuit 1:  phase-A
10 Amps

Circuit 1, phase-2
10 Amps

Circuit 1, phase-3
10 Amps

Powers survival
heaters

AC circuit 2, DC
circuit 1, and DC
circuit 2 on this
connector not
used

In summary, the CPL payload uses two of the J1-J5 pilot connectors, two of the J6-J10 power
connectors, and one of the J11-J12 power connectors.

2  Structural Analysis

Figure 2.1 shows the CPL instrument configuration for the WB-57.  Structural analysis has been
completed for all assemblies, per WB-57 requirements.
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Shield

CPL

ER-2 Rack

Data System
Laser power supply

WB-57 Pallet

WB-57 Rack

Pallet floor

Figure 2.1:   CPL solid model showing layout and labeling of component parts.
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2.1  Weight

Part/assembly name Material used Weight (lbs)

CPL instrument box (enclosure made of 6061-T651) 175 lbs
Shield Aluminum Alloy 19 lbs
Data system Various 25 lbs
Laser Power Supply Various 25 lbs
ER-2 Rack Aluminum Alloy 20 lbs
WB-57 Rack 6105-T5 27 lbs

Note:  weight does not include the pallet floor or the WB-57 pallet.

2.2  Welds

There are no welds.

2.3  Design Calculations

In the Section 2.3 the following axis definitions and g-loadings are used:
X is the forward axis…Forward: 3.0 g’s

             Aft: 1.5 g’s
Y is the lateral axis…   Lateral both directions: 1.5 g’s
Z is elevation axis….    Up: 2.0 g’s

                                     Down: 4.5 g’s

Subsystem 1: (CPL/ Data System/ER2 Rack)

Each bracket attached to CPL using seven (7) 1/4-20 bolts; axis of the bolts is the X axis.
Each bracket attached to ER2 Rack using five (5) #10 bolts; axis of the bolts is the Z axis.
Data system and power supply attached to ER2 Rack using four (4) 1/4-20 bolts; axis of the bolts
is the Z axis.

Aft
 –X

Up
-Z

Y
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Subsystem 2:  (subsystem 1 + WB57 rack)

Subsystem1 is supported by an 80/20 extrusion assembly, composed of 3 transversal bars.
Subsystem1 is clamped on to the WB-57 Rack using five (5) clamps, each bolted with two (2)
1/4-20 bolts per clamp (along Z axis).
Four (4) safety stops are also used on the X-axis and bolted to the frame via 1/4-20 bolts (2 per
stop along Z axis ).  These serve primarily to locate the subsystem 1.
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Following is a beam analysis in worse case scenario for the 1010 and 1020 80/20 brand
Aluminum extrusion used in the WB-57 Rack assembly.

structure of WB57

Stress at center "  - WL / 8 Z  "

Maximum deflection at center "1/192 * ( Wl^3 /EI) "

W: worst case load 100 lbs (total load 300 on 3 beams)
g factor 4.5 450 lbs

L :  36 "

1020 series I  : 0.0826334 "^4 Z= I/y Z= 0.165267
y: 0.5 "

1010 series I : 0.0441316 "4 Z= I/y Z= 0.088263
y 0.5 "

6105-T5 E 69589 Mpa
1.02E+07 psi

1020 stress at center 12252.91 psi Tensile Yield Strength 35000
1010 stress at center 22942.74 psi Ultimate Tensile Strength 38000

1020 max def at center 0.130 "
1010 max def at center 0.243 "

1020 Percent of Yield 35.01% FOS: 2.86
1010 Percent of Yield 65.55% FOS: 1.53

1020 Percent of Ultimate 32.24% FOS: 3.10
1010 Percent of Ultimate 60.38% FOS: 1.66

W

W/2 W/2
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Subsystem 3: (subsystem 2 + Pallet)

The subsystem 2 is bolted to the pallet on 4 sides.
Along the X-axis three (3) #10 bolts are used on both sides (bolts are in the Z-axis).
Along the Y-axis four (4) 1/4-20 bolts are used on both sides (bolts are in the Z-axis).

We consider only the bolts along the Y-axis (CG centered with the middle plane YZ of the
pallet).  We assume the 4 bolts on one side form a pivot point for a rigid rotor that puts tension
on the 4 bolts located on the other side of the pallet

Assuming tension and shear add, then

Max load per bolt is:
F= 3. Fcg [1/(total number of bolts on both sides)+b/[2x # of bolts under tension..a]

Forward 3g:      3x300 [1/8+10/(8*18)] = 179lb per bolt
Up 2g:               2x300x1/8  = 75lb per bolt

a

3 g CG

y

b
f

X

-Z
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Safety factor :

Rating for a _-28 bolt : 125,000 psi x.049 si =6,135 lb

6135/179=34
FOS= 34

This is without including the effect of the 6 bolts along the X-axis.

Design of the pallet floor with window:

The window is held in place using a retainer bolted with six (6) #10 bolts.
FEA:

Boundary condition used is that the floor is clamped on the 4 sides;
Pressure applied on the recess for the window (total force of 21 lbs).
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Design of the shield:

The shield is not a structural part of the system.  It has a thermal and “insulation (environment)”
purpose.  The shield is made of .04” thick 6061 Aluminum.

3.  Pressure/Vacuum Systems

There are no pressure or vacuum systems in the CPL instrument.

4.  Laser Systems

The CPL instrument utilizes a laser to measure atmospheric properties.  The laser is a pulsed
Nd:YVO4 system operating at either 1 kHz or 5 kHz repetition rate (the repetition rate is selected
before flight and is not changeable during flight).  The CPL laser is high repetition rate, low
pulse energy design to enable safe operation during flight.  A complete laser safety plan, dated
July 8, 2004, has previously been submitted to the WB-57 program office, and that safety plan
has been approved by JSC.

5.  Hazardous Analysis Report Guidelines

HAZARD SOURCE CHECKLIST

__X__  Flammable/combustible material, fluid (liquid, vapor,gas)

CPL uses small amounts of methanol to clean the optical windows on the instrument.
This is only used in pre-flight operations; there are no flammable/combustible materials
in the CPL instrument proper.  The methanol can be stored in an appropriate cabinet
provided by the program office.

_N/A_  Toxic/corrosive/hot/cold material, fluid (liquid, vapor, gas)

_N/A_  High pressure system (static or dynamic)

_N/A_  Evacuated container (implosion)

_N/A_  Frangible material

_N/A_  Stress corrosion susceptible material

_N/A_  Inadequate structural design (i.e., low safety factor)



CPL Payload Data Package Page 12

__X__  High intensity light source (including laser)

CPL utilizes a laser.  The CPL is a non-scanning system and the laser points only at nadir
(i.e., laser beam exits the WB-57 pallet in the downward direction).  The pilot checklist
provides control of laser emission (i.e., the laser emission is controlled by a pilot switch).
Ground operations do not require operation of the laser.  A complete laser safety plan has
previously been submitted to the WB-57 program office and the safety plan has been
approved by JSC.  See also section 3.

_N/A_  Ionizing/electromagnetic radiation

_N/A_  Rotating device

_N/A_  Extendible/deployable/articulating experiment element (collision)

_N/A_  Stowage restraint failure

_N/A_  Stored energy device (i.e., mechanical spring under compression)

_N/A_  Vacuum vent failure (i.e., loss of pressure/atmosphere)

_N/A_  Heat transfer (habitable area over-temperature)

_N/A_  Over-temperature explosive rupture (including electrical battery)

_N/A_  High/Low touch temperatures

__X__  Hardware cooling/heating loss (i.e., loss of thermal control)

There are appropriately sized thermostats wired in series with all instrument heaters.

_N/A_  Pyrotechnic/explosive device

_N/A_  Propulsion system (pressurized gas or liquid/solid propellant)

_N/A_  High acoustic noise level

_N/A_  Toxic of-gassing material

_N/A_  Mercury/mercury compund

_N/A_  Organic/microbiological (pathogenic) contamination source

_N/A_  Sharp corner/edge/protrusion/protuberance
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_N/A_ Flammable/combustible material, fluid ignition source (i.e., short circuit; under-sized
wiring/fuse/circuit breaker)

__X__  High voltage (electrical shock)

There is high voltage present in one component of the laser power supply and connected
to the CPL instrument box via a coaxial cable.  This component is potted for operation at
low pressure and this component is not accessible unless the power supply is
disassembled.  The cable running to the CPL instrument box is insulated and rated for
operation at low pressure.

_N/A_ High static electrical discharge producer

__X_  Software error or computer fault

The CPL instrument does provide a software/computer error warning.  The data system is
operated via a pilot switch, and the corresponding pilot fail light will not extinguish until
the data system has booted and is operating properly.  If, at any time during flight, the
data system fails, the pilot fail light will alert the pilot to cycle power (according to the
operating sequence provided in section 9.7).

_N/A_  Carcinogenic material

____  Other:_________________________________

6.  Ground Support Requirements

Ground power for testing and lab operations:  CPL requires only standard 60 Hz 110
VAC.  We will have one or two computers for data processing, so having a dedicated circuit
would be desirable but not required.

Pressurized gas or cryogenics:  CPL requires no gasses or cryogens.

Mixing/storing toxic chemicals:  The only chemical/hazardous material used by CPL is
methanol used to clean optics.  We can store the methanol in an approved cabinet supplied by
the WB-57 program office.  MSDS sheets for methanol can be found in Appendix A.

Working hours/access:  We will require after-hours access to the laboratory space (not to
the aircraft).  CPL data processing begins immediately after flight, and access to our
computers is essential to permit data processing.

Laboratory space requested:  We request space for storage of the CPL shipping boxes and
facilitation of CPL data processing.  The CPL data processing station consists of one
computer and assorted support equipment.  Two CPL personnel will be on-site at any given
time.
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Computer network access:  We request at least one, and preferably two, network
connections to support CPL data processing activities.

Special handling/support equipment:  None needed, although a forklift might be helpful in
loading/unloading the CPL boxes from a delivery truck.

Miscellaneous requests:  None.

7.  Hazardous Materials

The only hazardous material used in CPL operations is methanol used to clean the optical
windows.  There are no hazardous materials in the CPL instrument itself, nor are there any
hazardous materials that are used in flight operations.  We can store our methanol bottle in any
appropriate storage unit, which we assume will be provided by the WB-57 program office.

8.  Material Safety Data Sheets (MSDS)

Per section 7, the only hazardous material used is methanol.  We will bring a copy of the MSDS with
us, and for reference a copy of the MSDS is provided in Appendix A of this document.

9.  Mission Procedures

9.1  Equipment Shipment

CPL shipments consist of two large boxes, each 63x63x48 inches and weighing up to 600 lbs each.
One box contains the instrument, the other contains support equipment.  Transportation is arranged by
Goddard Space Flight Center using various contract carriers.  We normally arrange for the boxes to
arrive 1-2 days ahead of CPL personnel, so we require storage for 1-2 days although there are no
particular storage requirements other than storing them in a secure location.  We desire to store the
boxes in or near our hangar work area, as we prefer to keep the support equipment stored but
accessible.

9.2  Ground Operations

Unless there are problems (i.e., equipment failure), CPL requires no ground operations.  If the
instrument suffers a failure, we have with us support equipment, spare parts, and tools necessary to
permit identification and repair of most problems.

Prior to initial integration into the aircraft, we will power the instrument to verify data system
integrity.  This is accomplished by supplying wall plug power to the instrument and verifying proper
operation.  This test can be completed with CPL in a laboratory or on the hangar floor.
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9.3  Loading

Once on-site, we will bolt our WB-57 interface rack to the WB-57 pallet, and install the CPL
instrument onto the interface rack.  Placing the 235-lb CPL instrument into the WB-57 pallet will
require assistance, usually 2-3 people, to lift it into place.  We will assemble our custom pallet floor
into the pallet, and install our window into the pallet floor.  We will also assemble our thermal
enclosure over the instrument.

We have existing cabling as used on the ER-2.  Because the electrical interfaces are identical, we
will simply re-use the existing cables.  A power-up test will be performed to verify instrument
operation and fail light operation.  When on the aircraft but not immediately ready for flight, we
disengage the circuit breakers on the instrument to avoid accidental powering.

9.4  Pre-Flight

Under normal operating conditions, pre-flight activities for CPL are minimal.  Pre-flight consists of
checking cleanliness of the optical windows and cleaning them if necessary, engaging the circuit
breakers located on the instrument, and a quick power-on check to verify that the data system
functions properly along with the fail lights.  After this short test, the pallet can be loaded into the
aircraft and CPL is ready for flight.

9.5  Flight Operations

Once at JSC we will work with the WB-57 program office to define the final flight operation
sequence.  However, we can outline an expected operation sequence based on previous ER-2
experience.  Here we define the pilot switches S1 and S2 to be the data system and laser emission
enables, respectively.

For normal flight operation the sequence is as follows:

After Engine Start – MASTER PWR – ON
Area Power ON Powers CPL payload, heaters.
S1 ON Fail light will stay on for 1-2 minutes

After Takeoff
S2 ON    Fail light should extinguish immediately
*Note:  If S2 on and fail light off, CPL is radiating

Before Descent
S2 OFF S2 fail light will activate

Before Engine Shutdown
S1 OFF
Area Power OFF



CPL Payload Data Package Page 16

If, during flight, either the S1 or S2 fail light activates, then it is necessary to follow a fail procedure,
defined as follows:

S2 LIGHT ON:  2 RESET ATTEMPTS
S2 OFF
S2 ON

IF S2 FAIL LIGHT REMAINS ON, CONTINUE
S2 OFF
S1 OFF
S1 ON (WAIT 2 MIN until S1 fail light OFF)
S2 ON

IF S2 FAIL LIGHT REMAINS ON, CONTINUE
S2 OFF
S1 OFF

S1 LIGHT ON:  2 RESET ATTEMPTS
S2 OFF
S1 OFF
S1 ON Wait 2 minutes for S1 fail light to go OFF

(IF S1 LIGHT OFF)
S2 ON

(IF S1 LIGHT ON)
REPEAT ABOVE

If it becomes necessary to disable the CPL payload (i.e., a “hard fail” has occurred and the system
appears to be non-functional), it is essential that area power be left ON to power the CPL survival
heaters.

9.6  Post-Flight

Unless there is an equipment failure, the CPL instrument is not removed from the WB-57 pallet.  We
will require the pallet be taken off the plane, so we can access connectors to download data.  We
connect a laptop computer to the instrument, power the instrument, and transfer data from the
instrument.  During data transfer, power can be supplied by the aircraft or, we can disconnect the
power connector on the instrument and power it from a wall plug.  After transferring data to the
laptop, all subsequent post-flight activities are conducted in a laboratory using ground support
computers, with no further access to the instrument required.

If CPL suffers an equipment failure, then we will remove the instrument from the pallet and move
to a laboratory to diagnose and repair the problem.
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9.7 Off-Loading

Upon completion of the mission, we will remove the CPL instrument from the WB-57 pallet.  We will
also remove our optical window and our custom pallet floor.  We will retain possession of our pallet
floor for use in future missions.  The electrical cables running from the CPL instrument to the
experimenter interface box will be removed and are the property of CPL.

Goddard Space Flight Center will arrange for pick up of the CPL equipment by a contract carrier.
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APPENDIX A

Material Safety Data Sheets (MSDS)
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